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PHOSPHORANES FORMED FROM THE 

PHOSPHORUS COMPOUNDS WITH 
PHENANATHRAQUINONE 

CONDENSATION OF TRICO-ORDINATE 

NICHOLAS LOWTHER, PAUL D. BEER and C. DENNIS HALL 
Department of Chemistry's King's College, University of London, 

Strand, London WC2R 2LS 
(Received May 15, 1987; in final form June 16, 1987) 

The synthesis of a range of monocyclic and bicyclic phosphoranes from the condensation of 
trico-ordinate phosphorus compounds with phenanthraquinone is reported together with their "P, 'H 
and I3C nmr data. The phosphorus chemical shifts of these compounds range from +34 to -35 ppm 
but solvent effects on 6P and the retention of P-C coupling throughout the range indicate that all of 
these compounds are true phosphoranes. 

The condensation of trico-ordinated phosphorus compounds with a-dicarbonyl 
compounds affords a useful synthetic route to a wide variety of cyclic 
0xyphosphoranes.'-' As a consequence of the large range of "P nmr shifts 
documented for oxyphosphorane species' there has been much debate as to 
whether compounds of type (1) are either classical pentaco-ordinate species, 
tetraco-ordinate zwitterions (2) or in some instances, an equilibrium mixture of 
both. 

Since we were aware that phenanthraquinone may give rise to bicyclic 
phosphoranes with low field chemical shifts (ca +30)'001' it was decided to 
prepare a range of phosphoranes (5) from tricoordinate phosphorus compounds 
(3) and phenanthraquinone (4) and to elucidate their structures by a combination 
of 'H, 13C and 31P nmr. 

RESULTS AND DISCUSSION 

The reactions were carried out in CDC13,C6D6 or C,D, and were monitored by 
31Pnmr. In each case a single phosphorus species was observed and a mass 
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134 N. LOWTHER, P. D. BEER and C. D. HALL 

TABLE I 
31P and 'H nmr data of the PIII/PAQ adducts 

S3'P of adduct 
P(II1) CDCI3 c6D6 S'H of adduct (CDCI,) 

PhZPOCH2CF3 

PhP(0Et)z 
(W 
(3b) 

(Jc) 
Ph2POEt 

P- Me 

-20.6 

-34.7 

-17.0 

-17.2 

-31.9 

-47.0 

-32.0 

-12.2 

+32.6 

+17.5 

-20.9 

-34.6 1.32(t,3JT=7Hz, 6H] 

3.75-4.30 (dq 3Jm = 8 Hz, 3JpH = 7 Hz, 2H) 
7.20-8.75 (m, 18H) 

7.16-8.84 (m, 13H) 

3.80 (dq, Jm=7Hz, 3JpH=7Hz~ 2H) 
7.16-8.75 (m, 18H) 

-17.5" 2.36-2.60 (m, 4H) 
7.16-8.75 (m, 18H) 

-32.2 4.16-4.84 (m, 4H) 
7.26-8.72 (m, 13H) 

4.16 (dq, 3Jm = 7 Hz, 3JpH = 6.2 k, 6H) 
7.14-8.68 (m, 8H) 

-32.5 2.38-2.76 (m, 2H) 
3.35-3.80 (m, 2H) 
7.05-8.70 (m, 18H) 

4.16 (dq, JHH=7IIZ, Jp,=lOHz, 4H) 

-17.4" 1.32 (t, ' Jp=7Hz ,  3H) 

-47.3 1.29 (dt,'J,H=7Hz, 'Jp~=1.6&, 9H) 

-12.4 3.78-4.12 (m, 4H) 
7.10-8.63 (m, 13H) 

+33.6 2.56 (d, 2JpH = 13 Hz, 3H) 
2.70-3.64 (m, 4H) 
7.14-8.76 (m, 8H) 

+ 16.8 1.66 (d, 'JpH = 12.9 Hz, 3H) P 4 &  
1.80 h 3 H )  C-, 
2.10-2170 (m, 4H)-W-P4& 
6.46 (d, 3 J p ~  = 30 Hz, 1H)-CH2--C-4- 
7.43-8.60 (m, 8H) 

"The solvent is C,D,. 

spectrum of each reaction product revealed a parent peak for the adduct (9.t 
The 31P and 'H nmr data of the adducts are given in Table I and the 13C data are 
reported in Table 11. 

It has been ~uggested'~"~ that compounds which resonate at high field in 
31Pnmr (i.e. upfield of H3P04) may actually be pentaco-ordinated species in 
rapid equilibrium with small amounts of the zwitterions. Conversely those 
materials with absorptions downfield of H3P04 may be zwitterions in equilibrium 
with a small amount of the phosphorane species. Hence it would appear that 

t The fragmentation patterns of the mass spectra showed features which were consistent with the 
proposed structures. 
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MONOCYCLIC AND BICYCLIC PHOSPHORANES 135 

TABLE I1 
C n.m.r. data of the P(II)/PAQ adducts 13 

P(V) 613C(CDC1)3 Assignment 

4 

a 
12 13 

0' 

(54 

4 8 9  

A 12 13 14 

4 

F)ct12w3 

61.9 (dq, 'JCcF = 35.5 Hz, 'JP = 7.8 Hz) 
120.6, 123.2, 134.5, 126.5, 126.8 
122.4 (d, 3Jp = 9.0 Hz) 
128.2 (d, 'Jp = 16.7 Hz) 
131.5 (d, 'JP = 3.5 Hz) 
132.5 (d, 'Jp = 11.7 Hz) 
134.1 (broad absorption) c- 1 

(2-12 
c-3 to c-7 

c-2 
c-10 
c-11 
c-9 

C-8 136.8 (d, 'JP = 185.4 Hz) 

16.5 (d, '.Ip = 7.6 Hz) 

122.3 (d. 'JP = 10.0 Hz) 
127.6 (d, 3Jp = 17.9 Hz) 

130.5 (d, 'JP = 11.2 Hz) 
135.8 (s) c-1 
138.7 (d, 'JP = 242.2 Hz) 

c-9 
C-8 

c-3 to c-7 
c-2 
c-12 
C-13 
c-11 

c-10 

62.8 (d, 3Jp = l0.0Hz) 
120.5, 123.1, 124.2, 126.3, 126.6 

130.1 (d, 'JP = 3.0 Hz) 

16.6 (d, 'JP = 6.0 Hz) 
60.4 (d, 'JP = 8.8 Hz) 

120.7, 123.1, 124.0, 126.2, 126.5 
122.7 (d, 3Jp = 9.4 Hz) 
127.8 (d, 'JP = 15.9 Hz) 
130.7 (d, '4 = 3.0 Hz) 
132.1 (d, 'JP= 11.1 Hz) 
136.5 (sliqhtly broad absorption) 
137.5 (d, Jp = 184.8 Hz) 

13.3 (d, 'Jp = 3.2 Hz) 
37.5 (d, 'Jp = 71.0 Hz) 

120.1 (d 3Jp = 18.1 Hz) 
120.7, 123.0, 124.1, 126.1, 126.6 
122.7 (d, 3Jp = 9.2 Hz) 
128.4 (d, 3Jp = 13.9 Hz) 
129.7 (d, 'Jp = 10.2 Hz) 
130.4 (d, 'JP = 2.5 Hz) 
132.5 (s) 
138.6 (d, 'JP = 125.0 Hz) 

63.9 (dq, 'fCCF = 36.3 Hz, 'JP = 9.1 Hz) 
120.4, 123.4, 123.2, 126.9, 127.3 
121.8 (d, 3Jp = 10.6 Hz) 
123.5 (dq, 'JF = 278 Hz, 'J, = 10.6 Hz) 
128.2 (d, 3Jp = 19.1 HZ) 
131.9 (d, 'JP = 7.1 HZ) 
132.1 (d, 'JP = 10.5 Hz) 
135.2 (d, 'JP = 241.8 Hz) 
135.4 (s) 

c-9 
C-8 

c-3 to c-7 
c-2 
(2-12 
C-13 
c-11 
c- 1 
c-10 

C-13 
c-12 
C-14 

c-3 to c-7 
c-2 
c-10 
c-9 
c-11 
c-1 
C-8 

c-12 
c-3 to c-7 

c-2 
C-13 
c-10 
c-11 
c-9 
C-8 
c-1 
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136 N. LOWTHER, P. D. BEER and C. D. HALL 

TABLE I1 (contd.) 

c~~~C(CDCI), Assignment 

I 1  

16.4 (d, 3Jp = 7.8 Hz) 
64.2 (d, 'JP = 9.0 Hz 

120.5, 123.2, 124.3, 126.3, 126.7 
122.1 (d, ,JP = 13.5 Hz) 
134.8 (d, *JP = 5.6 Hz) 

60.2 (d, 'Ip = 5.1 Hz) 
120.6, 123.0, 124.6, 126.6, 126.7 
122.1 (d, 3Jp = 11.6 Hz) 
128.4 (d, 'Ip = 17.1 Hz) 
131.3 (d, 'JP = 3.3 Hz) 
131.5 (d, 'Jp = 10.4 Hz) 
132.7 (d, 'JP = 213.3 Hz) 
134.7 (d, 'JP = 7.1 Hz) 

32.2 (d, 'JP = 111.3 Hz) 
34.2 (d, *JP = 4.6 Hz) 

120.6, 123.0, 124.7, 126.6, 126.7 
122.2 (d, 'Ip = 9.6 Hz) 
135.8 (broad absorption) 

17.5 (d, 'Jp = 86.5 Hz) 
20.7 (d, 'JP = 11.5 Hz) 
37.7 (d, 'J,  = 71.3 Hz) 
40.2 (d, 'JP = 71.8 Hz) 

120.2 (d, 'JP = 18.0 Hz) 
120.5, 122.9, 123.6, 125.8, 126.3 
123.0 (d, 'JP = 8.7 Hz) 
136.0 (d, 'JP = 2.8 Hz) 

c-9 
C-8 

c-3 to c-7 
c-2 
c-1 

c-12 
c-3 to c-7 

c-2 
c-10 
c-11 
c-9 
C-8 
c-1 

C-8 
c-9 

c-3 to c-7 
c-2 
c- 1 

C-8 
c-11 
c-9 
C-13 
c-2 

c-3 to c-7 
c-12 
c- 1 

a C-13 not observed. 
bNo changes in coupling were observed on cooling to -50". Identical spectra were obtained in 

deuteriotoluene. 
C-10 not observed. 

(5a-h) are pentacovalent species by virtue of their high field negative chemical 
shifts whereas (5) and (5j) could be zwitterions since they resonate at low field. 

If an adduct were not a true phosphorane then it is reasonable to expect a 
significant variation in the 31P chemical shift as the solvent is changed with a more 
polar solvent supporting the zwitterionic structure. In some instances (e.g. 6ab) 
this phenomenon is observed.' 
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MONOCYCLIC AND BICYCLIC PHOSPHORANES 137 

Table I shows that when the solvent was changed from toluene to the more 
highly polar chloroform there was no concomitant shift of the a31P values to 
lower field. This strongly suggests that all of the adducts studied, including (5i) 
and (5j) are pentacovalent structures with no contribution from equilibrated 
zwitterionic species. In support of this contention we have shown that the 31P 
chemical shift of (7), which behaves as a phosphorane in terms of its fragmenta- 
tion reactions,” is independent of solvent and Holmes” has reported a chemical 
shift for (8) in methylene chloride which is very close to that reported in 
benzene. l4 

63b= +30.0 

Even if a change in chemical shift had been observed with a change in solvent 
however, Denney has suggested6 that such changes can be explained equally well 
by considering (9a-c) as the canonical forms of a resonance hybrid with a greater 
contribution from (9b and 9c) in polar media. This is evidenced by the fact that 
*JP and 3Jp couplings are observed in the 13Cnmr spectrum of (9) which is 
consistent only with the purely pentacovalent structure. Such couplings would not 
be expected in a rapidly equilibrating system. 

Further studies by Denney on a series of substituted compounds (loa-e), 
arising from the reaction of P(NMe2)3 with a series of substituted ben~ils , ’~ 
demonstrated that (10ab) were true phosphoranes by virtue of the negative 31P 
chemical shifts and the strong ’JP phosphorus coupling to the ipso-carbons in the 
13C nmr spectra. However, in the case of (lod), the 31P chemical shift was positive 
and 3Jp coupling was lost indicating an ionic species. On cooling the coupling was 
also lost in (1Oc) and (loe) suggesting that these too are not true phosphoranes. 
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138 N. LOWTHER, P. D. BEER and C. D. HALL 

The nmr spectral details of (5a-f and 5h-j) are displayed in Table 11. The 
adducts with negative 31P chemical shifts, for which the assignment of the 
pentacovalent structure is not in dispute, display equivalent carbons (at C-1 and 
C-2) with the expected strong 3Jp couplings ranging from 9.0 Hz to 13.5 Hz which 
are entirely consistent with literature values for well characterised 
oxyplrosphoranes.6 Furthermore (50 and (Sh) also show 'JP couplings to C-1 
whereas several of the others exhibit broad absorptions for C-1 which may be 
indicative of very small (less that 1 Hz) couplings. In addition to carbons C-1 and 
C-2, all the other potentially equivalent carbons were found to be so. These 
observations are clearly explainable by a rapid intramolecular ligand reorganisa- 
tion process for each molecule which, as Denney points out, does not need to 
invoke ionisation. In support of the existence of ( 5 )  and (5j) as true phos- 
phoranes both exhibited equivalent C-1 and C-2 carbons with strong 3Jp couplings 
in their respective 13Cnmr spectra whose values did not vary on changing the 
solvent from chloroform to toluene. Furthermore (Sj) showed a small '.Ip coupling 
whereas the corresponding absorption in (3) was slightly broad suggesting a small 
( 4  Hz) coupling. All the other potentially equivalent carbons were found to be 
so. The 'JP and 'JP couplings were retained on cooling to -50" and all other 
carbon resonances remained equivalent indicating once, again, that rapid ligand 
reorganisation is present in both cases with no evidence for ionisation. 

One must conclude that (5) and (Sj), by virtue of the observed 13Cnmr 
evidence, exist as true pentacovalent species despite their positive d3'P values. 

1 .  Instrumentation 

The 31P nmr spectra were recorded on a Bruker HFX 90 FT instrument operating 
at 36.43MHz and relative to 85% H3P04 as standard with downfield shifts 
positive. The 'H and 13Cnmr spectra were recorded on a Bruker WM 250FT 
instrument operating at 250 MHz (protons) and 62.85 MHz (carbon) with TMS as 
internal standard. 

2. Starting materials 
Trico-ordinate phosphorus compounds (3b), (3c) and (30 were obtained from 
commercial sources (Lancaster Synthesis or Maybridge Chem. Co.) and were 
redistilled prior to use. Compounds (3g) and (3i) were prepared as described 
previously16 and literature methods were used to prepare (3d)'7*'8 (3h)19 and 
(3j).20 Compound (3a) was prepared by the condensation of Ph2PCl with 
2,2,2-trifluoroethanol in THF at - 15°C in the presence of triethylamine. After 
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MONOCYCLIC AND BICYCLIC PHOSPHORANES 139 

removing the precipitated amine hydrochloride by filtration, the volatiles were 
evaporated from the filtrate under reduced pressure and the residual oil was 
distilled through a short Vigreux column to give a colourless oil (80% yield, b.p. 
97.8” at 0.7 mm) with S31P(C6D6) = +126 and S1H(CDCl3), 4.15 (dq, 3Jp = 8) and 
7.55 (m). Likewise compound (3e) was prepared from the reaction of PhPC12 with 
trifluorethanol to give 65% of a colourless oil, b.p. 63.4” at 0.35mm with 
6l1P = 166 and S1H(CDCl3), 4.13 (m, 4H) and 7.5 (m, 5H). 

3. 

An aliquot of the tricoordinated phosphorus compound (e.g. 1 mmol) was added 
to a suspension of (4,l mmol) in deuteriochloroform (2 ml) or deuteriotoluene 
(2 ml) under an atmosphere of nitrogen. The mixture was shaken vigorously until 
the phenanthraquinone had dissolved and the spectra were taken immediately. 

We thank the SERC and ICI (Chemicals and Plastics Div.) for financial 
support. 

Reaction of (3)  with (4); general procedure 
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